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Under model scenario 1, we assumed that the probability of a drone mating on each day is a 23 function of the number of queens produced by other colonies in the population on that day, as 24 estimated empirically 1 . The number of available queens has two peaks, one in April and one in 25 late May. We assumed for simplicity that queens are available for mating on the day swarms 26 are produced. . Sensitivity analysis for net worker daily energy contribution. 30 We performed a sensitivity analysis to examine how our estimate of parameter ny, the net daily 31 energy contribution of a worker, influences the model outcome. We examined the original 32 value and a range of +/-10%. The low-end value results in no feasible solution to the 33 optimization problem because worker productivity is too low for the colony to sustain itself. . Sensitivity analysis for daily drone energy consumption. 37 We performed a sensitivity analysis to examine how our estimate of parameter m, the daily 38 energy consumption of a drone, influences the optimal timing of swarming under our two 39 model scenarios. We examined the original value and a range of +/-10%. Within this range, the 40 exact value of m has little effect on the optimal swarm time. Figure S4 . Sensitivity analysis for energy needed to rear a worker. 44 We performed a sensitivity analysis to examine how our estimate of parameter p, the energy 45 needed to rear a worker to adulthood, affects the optimal timing of swarming. We examined 46 the original value and a range of +/-10%. While, we still find a different optimal behavior between our two model scenarios, the magnitude of the difference does depend on the 48 energetic cost of producing workers. 
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We performed a sensitivity analysis to examine how our estimate of parameter o, the energy 53 needed to rear a drone to adulthood, affects the optimal timing of swarming. We examined the 54 original value and a range of +/-10%. Within this range, we find little effect of the energetic 55 cost of producing drones on the optimal solution. This makes sense given that the main cost of 56 producing a drone is the need to support it for as long as it remains in the colony; the initial 57 cost to rear a drone to adulthood is relatively small relative to maintenance costs.
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Figure S6. Sensitivity analysis for queen's maximum laying capacity. 61 We performed a sensitivity analysis to examine how our estimate of parameter rmax, the 62 maximum number of eggs the queen can lay per day, affects the optimal swarm date. We Figure S8 . Sensitivity analysis for relatedness of workers to drone-fathered colonies. 79 We performed a sensitivity analysis to examine how parameter k1, the relatedness of workers Figure S9 . Effect of worker productivity function on optimal swarm time. 88 We examined the effect of the functional response chosen for nt, the net daily energy 89 contribution of a worker on day t. In the main paper, we used an inverse quadratic function, 90 A) ...
B)
11 assuming available resources increase throughout the spring and then decrease again in fall. 91 We also examined the effect of constant resource availability (panels A and B). 
